Epigenetic marks (e.g., DNA 5-methylcytosine [5mC] content or CpG methylation) within specific gene regulatory regions have been demonstrated to play diverse roles in stress adaptation and resulting health trajectories following early adversity. Yet the developmental programming of the vast majority of the epigenome has not yet been characterized, and its role in the impact of early stress largely unknown. In the present study, we investigated the relationships among early life stress, whole-epigenome and candidate stress pathway gene (serotonin transporter, 5-HTT) methylation patterns, and adult behavioral stress adaptation in a non-human primate model. Early in life, experimental variable foraging demand (VFD) stress or control conditions were administered to two groups each of 10 female bonnet macaques (Macaca radiata) and their mothers. As adults (3-13 years of age), these females were assessed for behavioral adaptation to stress across four conditions of increasing intensity. Blood DNA 5-HTT 5mC status was determined using sodium bisulfite pyrosequencing and total 5mC content was determined using ELISA. Neither stress reactivity nor DNA methylation differed based on early life stress. However, we found that both greater 5-HTT and whole-genome 5mC was associated with enhanced behavioral stress reactivity following early life stress, but not control conditions. Therefore, regardless of developmental origin, greater DNA methylation conferred a genomic background of ''risk'' in the context of early stress. We suggest that this may arise from constrained plasticity in gene expression needed for stress adaptation early in development. This risk may have wider implications for psychological and physical stress adaptation and health.
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Introduction
Early life stress has been linked with poor stress adaptation and related illnesses, such as cardiovascular disease, metabolic disorders, and psychiatric illness later in life (Wegman and Stetler, 2009) . DNA methylation patterning, the addition of methyl groups to cytosine-guanine dinucleotides (CpG methylation; Bird, 1986) within gene regulatory regions, may moderate or even mediate the effects of early life stress on later stress adaptation. However, the developmental programming of the vast majority of the epigenome has not yet been characterized, and its role in the impact of early stress largely unknown. There are over 22 million genomic CpG sites that may be differentially methylated in each cell of the central (brain) and peripheral (heart, adrenal gland, and blood) organs that regulate stress response. While methylation patterns in some gene regulatory regions may be sensitive to environmental cues during postnatal development (Weaver et al., 2004; Champagne et al., 2006; Roth et al., 2009; Murgatroyd et al., 2009) , methylation patterns within other gene regulatory regions may be set before birth. They may be partially inherited (Jones and Takai, 2001; Schalkwyk et al., 2010) , set during prenatal development, (Kaminsky et al., 2009) or dependent on DNA structure (Brandeis et al., 1994; Schalkwyk et al., 2010) . The role of these marks in stress adaptation is largely unknown.
Epigenetic patterns of all developmental origins within stress pathway candidate genes may play a role in stress adaptation. Structural variation in the 5 0 serotonin transporter (5-HTT) regulatory region has been reported by some investigators to moderate the effects of early life stress in humans and non-human primates (e.g., 5-HTTLPR, Champoux et al., 2002; Bennett et al., 2002; Caspi et al., 2003; Barr et al., 2004; Coplan et al., 2011; although see Risch et al., 2009) . We have recently shown that epigenetic variation in the 5-HTT regulatory region also moderates the effects of early stress. 5-HTT 5mC content was associated with enhanced behavioral reactivity to stress in infant rhesus macaques that had experienced early life maternal deprivation (Kinnally et al., 2010 ). Yet there was no association between early life stress and 5-HTT methylation patterns. We concluded that whatever the 0889-1591/$ -see front matter Ó 2011 Elsevier Inc. All rights reserved. doi:10.1016/j.bbi.2011.05.001
